Abstract The antioxidant activity of marine clam, Meretrix casta (Chemnitz) protein hydrolysates prepared from different organs (body, foot and viscera), using the commercial enzymes (pepsin, trypsin and papain) were determined. The protein hydrolysate had a high antioxidant activity where, pepsin hydrolysate of viscera and trypsin hydrolysate of body and foot showed good activity. The viscera pepsin hydrolysate and foot trypsin hydrolysates were purified using FPLC on ion exchange and gel filtration chromatography procedure and activity was determined by DPPH radical scavenging and reducing ability assays. Further the amino acid content of the purified fractions was analyzed using HPLC. Active fractions contained good quantity of both essential and non-essential amino acids.
Introduction
Aerobic organisms must face free radicals that are generated from sequential reduction of oxygen during their metabolism. Free radicals are molecules with one or two unpaired electron. These reactive radicals are important at physiological level to maintain homeostasis in signal transduction and defense against infections (De Lamirande et al. 1997) . In contrast, uncontrolled production of free radicals may cause cellular damage leading to number of diseases including atherosclerosis, arthritis, diabetes and carcinogenesis (Halliwell 1994) . Free radicals are also of a great concern in the food industry and among consumers of processed foods. Because, radical mediated oxidation of fats leads for deteriorating the quality of foods during processing and storage. Therefore, synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ), and propyl gallate are commonly used to solve these problems (Wanita and Lorenz 1996) . However, these compounds must use under strict regulation due to their potential health hazards. Therefore, a great interest has been developed to identify new antioxidant compounds from natural sources to overcome these problems. Antioxidant active peptides derived from different marine animals using various commercial enzymes have been reported effective and safe in recent years (Rajapakse et al. 2005; Shabeena Yousuf Naqash and Nazeer 2010) . Biochemical production of protein hydrolysate/peptides may be carried out by employing an autolytic process by endogenous enzyme or an accelerated and controllable method using exogenous enzymes . The use of protein hydrolysates for maintaining the growth of different microorganisms (Gildberg 1993) or food and feed ingredients (Kristinsson and Rasco 2000) were successfully achieved. Many enzymes have been described to be interesting in hydrolysis of animal proteins viz., papain, trypsin, pepsin, alcalase, protamex, flavourzyme, neutrase, etc. (Aspmo et al. 2005; Venugopal and Shahidi 1995; Gildberg 1993) .
Therefore, the aim of this study was to identify the antioxidative potentials and amino acid composition of peptides derived from the clam (Meretrix casta) protein hydrolysate. For this purpose, the extracted clam protein from different organs was enzymatically hydrolyzed to obtain antioxidant peptides and assessed for free radical scavenging effects.
Materials and methods

Materials
1,1-Diphenyl-2-picrylhydrazyl (DPPH) were purchased from Sigma Chemical Co. Methanol, ethanol, linoleic acid, ammonium thiocyanate , ferric chloride, tocopherol, 2,2-diphenyl-1 picrylhydrazyl (DPPH), potassium ferricyanide, trichloroacetic acid, DMPO (5,5-dimethyl-1-1-1-pyrroline-N-oxide), trypsin, papain, pepsin, sodium carbonate were analytical grade.
Sample collection
Clams (Meretrix casta) were collected from Kovalam Beach (13 o 6′ 15″ N and 30 o 17′ 30″ E), Chennai, Tamilnadu on 7th January 2010. Clams were washed thoroughly in sea water and brought to laboratory in an ice box containing alternative layers of ice. Further samples were washed with running water followed by double distilled water and the shells were opened by scalpel and then dissected into body, foot and viscera. The dissected samples were stored at −20 o C before further assays.
Enzymatic hydrolysis
To extract antioxidant peptide from different organs of clam, enzymatic hydrolysis was performed using various enzymes at their optimal conditions, papain (0.1 M Na 2 HPO 4 -NaH 2 PO 4, pH 6.0 and 37 o C), pepsin (0.1 M Glycine-HCl, pH 2.0 and 37 o C) and trypsin (0.1 M Na 2 HPO 4 -NaH 2 PO 4, pH 8.0 and 37 o C). At enzyme/ substrate ratio of 1/100 (w/w), 1% substrate and enzyme were mixed. The mixture was incubated for 6 h at each optimal temperature with stirring and then heated in a boiling water bath for 10 min to inactivate the enzyme. Aliquot from each hydrolysate was centrifuged at 12000 rpm for 10 min and supernatant was lyophilized as discussed by Je et al. (2007) and stored under −20 o C until use.
Scavenging ability on 1, 1-diphenyl-2-picrylhydrazl radicals DPPH radical scavenging activity was determined according to the method of Yen and Hsieh (1995) . An aliquot of sample (1 mg/ml) was mixed with 3 ml of methanol and then added to 1 ml of 0.15 mM DPPH in methanol. The mixture was then mixed vigorously and allowed to stand at room temperature in the dark for 30 min. The absorbance of the mixture was measured at 517 nm using a UV-Vis spectrophotometer. The control was conducted in the same manner but methanol was used instead of sample. DPPH radical scavenging activity was calculated as follows:
Where, sample is the absorbance of sample and control is the absorbance of the control at 517 nm.
Reducing power assay
The ability of the hydrolysate to reduce iron (III) was determined according to the method of Yen and Chen (1995) . An aliquot of 1 mg/ml sample of each hydrolysate was mixed with 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The mixture was incubated at 50 o C for 30 min, followed by addition of 2.5 ml of 10% (w/v) trichloro acetic acid. The mixture was then centrifuged at 1,650×g for 10 min. Finally, 2.5 ml of the supernatant solution were mixed with 2.5 ml of distilled water and 0.5 ml of 0.1% (w/v) ferric chloride. After 10 min reaction the absorbance of the resulting solution was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power.
Measurement of the antioxidative activity in linoleic acid model system
The antioxidative activity was measured in α-linoleic acid model system according to the methods of Osawa and Namiki (1985) . Briefly, a sample (1.3 mg) was dissolved in 10 ml of 50 mM phosphate buffer (pH 7.0), and added to a solution containing 0.13 ml of linoleic acid and 10 ml of 99.5% ethanol. Then the total volume was adjusted to 25 ml with distilled water. The mixture was incubated in a
Mean±Standard deviation, n = 3 o C in a dark room and the degree of oxidation was evaluated by measuring the ferric thiocyanate values. The ferric thiocyanate value was measured according to the method of Mitsuta et al. (1996) . The reaction solution (100 μl) incubated in the α-linoleic acid model system was mixed with 4.7 ml of 75% ethanol, 0.1 ml of 30% ammonium thiocyanate, and 0.1 ml of 2× 10 −2 M ferrous chloride solution in 3.5% HCl. After 3 min, the thiocyanate value was measured by reading the absorbance at 500 nm following colour development with FeCl 2 and thiocyanate at different intervals during the incubation period.
Purification of the antioxidant peptide
The lyophilized clam body and viscera protein hydrolysate (20 mg/ml) was dissolved in 20 mM sodium acetate buffer (pH 4.0), and loaded onto fast protein liquid chromatography (FPLC) on a XK 26 DEAE anion exchange column equilibrated with 20 mM sodium acetate buffer (pH 4.0), and eluted with a linear gradient of NaCl (0-1.5 M) in the same buffer at a flow rate of 1 ml/min. Each fraction collected at a volume of 6 ml was monitored at 280 nm, pooled fractions were then concentrated using a rotary evaporator; and antioxidant activities were investigated. The fraction having strong antioxidant properties were lyophilized, and loaded onto a Sephadex G-25 gel filtration column (2.5×75 cm) which was previously equilibrated with distilled water. The column was then eluted with the distilled water at a flow rate of 1 ml/min. Each fraction collected at a volume of 3 ml was monitored at 280 nm, pooled fractions were then concentrated using a rotary evaporator; and antioxidant activities were investigated. The fraction having strong antioxidant properties were
Mean±Standard deviation, n = 3 Fig. 2 Reducing power ability of clam (Meretrix casta) protein hydrolysates lyophilized, and subjected to HPLC to find the presence of amino acids.
Amino acid composition
The amino acid composition was identified by using the methods of Li et al. (2008) 
Statistical analysis
Experimental results were expressed as mean of triplicate ± standard deviation. Statistical analysis of the result was performed using Statistical Package for the Social Sciences (SPSS) 10.1 for Windows (Chicago, IL, USA).
Results and discussion
Description of the clam
The collected clams (Meretrix casta) were found in moderately large shell (3±0.2 cm) with a brown horny periostracum, extremely smooth, bears three cardinal teeth and another one in front of the cardinals on the left valve and a corresponding depression on the right. The outer surface is pale yellowish brown, fringed with dark gray posteriorly and very faintly rayed with grayish radial line. These features of the specimen were confirmed using bivalves monograph (Shanmugam et al. 1998 ).
Preparation of clam protein hydrolysates and their antioxidant properties
The dissected body, foot and viscera were hydrolyzed separately by enzymes (trypsin, pepsin and papain) at optimal conditions. Peptides from all the nine hydrolysates (i.e., three parts hydrolyzed with three different enzymes) were evaluated for their antioxidant activity using DPPH radical scavenging activity and reducing power assay. As shown in Figs. 1 and 2, they were able to induce significant scavenging effects, with peptic hydrolysate exerting the highest in viscera and trypsin hydrolysate in body and foot. However, DPPH radical scavenging activity of trypsin hydrolysates from body and foot was more or less same but, significant variation was observed in reducing power ability assay. In general, antioxidant peptides are obtained by enzymatic modification of various proteins derived from natural bio-resources viz., bullfrog skin (Qian et al. 2008) , porcine collagen (Lertittikul et al. 2007 ), round scad (Thiansilakul et al. 2007 ), squid muscle (Rajapakse et al. 2005) , alaska pollack (Byun and Kim 2001) tuna backbone protein (Je et al. 2007 ) and fish muscle (Shabeena Yousuf Naqash and Nazeer 2010) using commercial enzymes like alcalase, α-chymotrypsin, neutrase, papain, pepsin and trypsin. But, in the present study only three enzymes (papain, pepsin and trypsin) were used and tested for their antioxidant activity. Just like in tuna backbone (Je et al. 2007) clam viscera also showed good activity with peptic hydrolysate as shown in Fig. 1 than remaining hydrolysates. But, body and foot on hydrolysis with trypsin showed comparatively good activity and the same was observed with the hydrolysate of bullfrog and smooth hound also (Qian et al. 2008; Bougatef et al. 2009 ).
Purification of antioxidant peptides
Considering antioxidative effects on DPPH free radical scavenging activity and reducing power ability two protein hydrolysates (were selected out of nine) were employed for the purification and identification of antioxidant peptide. Peptic hydrolysate from viscera and trypsin hydrolysate from foot were dissolved in distillated water at 30 mg/ml separately, and loaded on DEAE anion exchange column. It was fractionated according to variation in charge on elution with buffer B, using the chromatography. As shown in figure, four peptide fractions from peptic viscera hydrolysate ( Fig. 3a) and three peptide fractions from trypsin foot hydrolysate (Fig. 3b) of viscera and fraction 3 of foot hydrolysates was identified to be highly potent. Following activity analysis, the most potent peptides were purified with a Sephadex G-25 column using open column equipment on FPLC. It was fractionated according to molecular size using chromatography. As shown in Fig. 4 a and (Table 1) , were finally loaded on an analytical HPLC and their amino acid sequences were determined.
Amino acid composition
Amino acid composition of both the peptides showed the presence of both essential and non-essential amino acids as tabulated ( , 1985) . Moreover, amino acids such as, tyrosine, methionine, histidine, lysine and tryptophan, were generally accepted as antioxidants (Chen et al. 1996) and presence of all these amino acids makes the clam peptide a potent antioxidant.
Measurement of the antioxidative activity in α-linoleic acid model system
The clam peptides isolated from foot and viscera protein hydrolysates were determined by inhibition of lipid peroxidation in α-linoleic acid model system. As shown Fig. 5 , both the peptides were significant retarders of lipid peroxidation and exhibited a nonlinear pattern. For visceral peptide, the effect of inhibiting lipid oxidation decreased in second day and later showed a gradual increase. This activity of clam visceral peptide was higher than natural antioxidant α-tocopherol and followed by clam foot peptide. In the free radical-mediated lipid peroxidation system, antioxidant activity of peptide is mostly dependent on molecular size and chemical properties such as hydrophobicity and electron transferring ability of amino acid residues in the sequence (Qian et al. 2008) . Alanine, valine, leucine, proline with non-polar aliphatic groups have high reactivity to hydrophobic PUFAs, and tyrosine, histidine, tryptophan, and phenylalanine with aromatic residues can make reactive oxygen species (ROS) stable through direct electron transfer. May be due to the presence of all positively antioxidant amino acids in the purified peptide made effortless to quench unpaired electrons or radicals by supporting protons in the current study.
Conclusion
Based on these results, it is suggested that the protein hydrolysates prepared from the body, foot and viscera of clam (Meretrix casta) by enzymatic hydrolysis has potent antioxidant properties. And the purified antioxidant peptide from viscera and foot protein hydrolysates are potent free radical scavenger and effectively inhibited lipid peroxidation, which would be expected to protect against oxidative damage in living systems in relation to atherosclerosis, arthritis, diabetes and carcinogenesis.
